Introduction
============

Ductal adenocarcinoma of the prostate is a rare histologic subtype of prostate carcinoma. The incidence of ductal adenocarcinoma is less than 1% and it mainly affects elderly men.[@b1-ott-6-1501],[@b2-ott-6-1501] Ductal adenocarcinoma is characterized by gross hematuria or urinary obstructive symptoms. Prostatic ductal carcinoma (PDC) mainly arises from large primary peri-urethral prostatic ducts. However, tumors arising from other peri-urethral prostatic ducts are known as acinar prostate carcinoma. In many instances, ductal adenocarcinoma is found in association with the more common acinar carcinoma.[@b3-ott-6-1501]

The diagnosis of PDC generally depends on histopathologic and immunohistochemical examination. The most common patterns seen in PDC are papillary and cribriform. The papillary formation pattern distinguishes between ductal and acinar adenocarcinoma, as it is absent in acinar adenocarcinoma of the prostate.[@b3-ott-6-1501] Ductal adenocarcinoma of the prostate mainly expresses immunohistochemical markers of prostatic tissue, including prostate-specific antigen (PSA), prostatic acid phosphatase (PAP), alpha-methylacyl coenzyme A (CoA)-reductase (AMACR), androgen receptor (AR), and cytokeratin (CK) 7.[@b4-ott-6-1501] The immunohistochemical evaluation of ductal adenocarcinoma is markedly improved by using basal cell markers known as "negative markers". Basal cells are detected using proto-oncogene (p63), high-molecular-weight CK, 34βE12, and CK5/6.[@b5-ott-6-1501]

Expression of immunohistochemical markers plays an important role as a prognostic indicator in PDC of the prostate. This retrospective study was conducted to assess the clinical manifestations, diagnostic findings, treatment, and prognosis of patients with ductal adenocarcinoma of the prostate in the People's Republic of China.

Materials and methods
=====================

Patients
--------

Patient enrollment criteria for this study were as follows: patients were newly diagnosed with prostatic ductal adenocarcinoma, patients were untreated, and were without a history of other types of tumors. Seven patients were identified from pathology records of patients admitted to the Renji Hospital, Shanghai Jiaotong University School of Medicine, People's Republic of China, and reviewed retrospectively. Specimens were obtained after laparoscopic radical prostatectomy (one case), at transurethral resection of the prostate (TURP) (three cases), and after prostate biopsy (three cases). Data were collected from January 2005 to December 2010.

Immunohistochemical analysis
----------------------------

All tissue samples were fixed in 10% neutral formaldehyde solution, conventionally dehydrated, and embedded in paraffin. Sections of 3--4 μm were sliced, dipped out, and dried. These slices were then baked for 2--3 hours at 56°C in an oven. Sections were then dewaxed using xylene and alcohol and hydrated with distilled water. After incubation with 3% aqueous H~2~O~2~ for 10 minutes to block endogenous peroxidase, antigen retrieval was carried out by the microwave high-temperature method. The slides were then incubated with the primary antibody ([Table 1](#t1-ott-6-1501){ref-type="table"}) at 37°C for 1 hour and washed three times with tri-buffered saline (TBS). Afterwards, the slides were incubated with the secondary antibody (rabbit/mouse anti-human monoclonal antibody) at 37°C for 30 minutes to 1 hour and washed three times with TBS. For developing enzyme activity, diaminobenzidine (DAB) staining was conducted for 5--10 minutes at room temperature. The sections were counterstained with hematoxylin for 10--60 seconds, dried at room temperature, cleared in xylene, and mounted with neutral resin under the microscope. Immunohistochemistry slides purchased from EnVision Peripherals, Inc. (Fremont, CA, USA) were used as positive controls, while tissue slides incubated with TBS buffer instead of primary antibodies served as negative controls. Immunohistochemical analysis was conducted to detect the expression of cancer markers such as serum PSA, PAP, AR, and AMACR, and basal cell markers such as 34βE12, p63, and CK5/6.

Clinical evaluation
-------------------

Patients underwent a digital rectal examination (DRE) to detect the size of the enlarged prostate gland. Magnetic resonance imaging (MRI) of the prostate, and bone scan, were conducted to evaluate the stage of prostate cancer. Transrectal ultrasonography, chest and abdomen computed tomography (CT), and cystoscopy were also performed. The prognosis of mixed types of prostate adenocarcinoma was assessed using the Gleason score, based on the appearance of the carcinoma and its spreading pattern. The Gleason score has not been demonstrated to be useful in predicting prognosis for prostate ductal adenocarcinoma.

Treatment
---------

The main therapy for PDC consists of surgery, radiotherapy, and anti-androgen therapy. Patients with prostate ductal adenocarcinoma received TURP. However, patients with elevated serum PSA underwent prostate biopsy. Patients who were pathohistologically confirmed with prostate ductal adenocarcinoma underwent radical prostatectomy. Patients also received medical castration plus anti-androgen treatment with 3.6 mg goserelin acetate (Zoladex®, Astra Zeneca, Ltd., London, UK) administered subcutaneously once every 28 days plus oral bicalutamide amine 50 mg daily.

Follow-up
---------

Regular outpatient follow-up was conducted for each patient to determine the progression of disease. Patients were assessed for change in PSA level. MRI, bone scan, and Gleason scores were used to assess disease progression. The patients were followed-up every 3 months for the initial 2 years, and then every 6 months.

Results
=======

Clinical data
-------------

Clinical data for seven patients with ductal adenocarcinoma of the prostate, with a mean age of 76.2 years (range 57--88), are shown in [Table 2](#t2-ott-6-1501){ref-type="table"}. Of the seven patients, five presented with intermittent and painless gross hematuria for a period ranging from 2 weeks to 3 months, one presented with progressive dysuria for about 3 years, and one presented with elevated serum PSA from a routine health examination ([Table 2](#t2-ott-6-1501){ref-type="table"}). Only two patients were found to have hard nodules in the prostate DRE, while no other patients showed any abnormalities. The PSA level of the patients ranged from 1.3 to 45.0 ng/mL before surgery, including four patients with normal PSA levels (\<4.0 ng/mL), one patient with a value of 9.2 ng/mL, and the other two patients with a level of more than 10 ng/mL. Postoperative PSA levels were in the normal range (0.03--3.78 ng/mL). Preoperative whole-body radionuclide bone scans revealed that two patients had bone metastases. T2-weighted MRI images of the prostate showed that there were low-intensity lesions at both the peripheral region and the extracapsular extension of the right peripheral region. Postoperative bone scan, transrectal ultrasound, and prostate MRI showed no recurrence of prostate tumors, or locally advanced or metastatic disease. Prognosis was good for all patients, except for one patient who died of myocardial infarction.

Histology
---------

The pathological examination of tumors from all seven patients showed papillary and tubular structures, high columnar epithelium, single or pseudo-stratified arrangements of the nucleus inside the basement membrane, and prominent cell atypia, which were similar to well differentiated endometrial cancer ([Figures 1](#f1-ott-6-1501){ref-type="fig"}--[3](#f3-ott-6-1501){ref-type="fig"}). Histological analysis showed that the tumors from three patients were pure prostatic ductal adenocarcinoma, and the remaining four demonstrated a mixed histology pattern, with both prostate ductal adenocarcinoma and the classic small acinar prostate adenocarcinoma. The conventional acinar Gleason score was reported for the four mixed-type patients. Mixed classic adenocarcinoma was found mostly in patients with high Gleason scores, with one score of seven, two scores of eight, and one score of nine.

Immunohistochemistry
--------------------

The immunohistochemical analysis showed that all patients were positive for cancer markers, including PSA, PAP, AR, and AMACR. However, six of the seven patients were negative for the basal cell markers 34βE12, p63, and CK5/6, and one patient tested slightly positive for these basal cell markers.

Treatment and follow-up
-----------------------

Patient follow-up periods ranged from 15 to 67 months in this study. Cystoscopy examination revealed cauliflower-shaped tumors in the prostatic urethra of all patients, which were morphologically similar to the prostatic ductal adenocarcinoma in two of the seven patients. These two patients underwent biopsy, and prostatic ductal adenocarcinoma was subsequently confirmed, before receiving dual orchiectomy and anti-androgen therapy. Three patients underwent TURP to remove the cauliflower-shaped tumor and the base of the prostate tissue. Subsequent postoperative pathological examination identified prostatic ductal adenocarcinoma. Two patients with elevated serum PSA levels underwent prostate biopsy that identified prostate ductal adenocarcinoma; one of the two patients received radical prostatectomy and the other received medical castration plus anti-androgen therapy. Of the seven patients, six did not report any gross hematuria, dysuria, bone pain, and other symptoms, while one patient who underwent TURP presented with painless gross hematuria 1 year after resection and received TURP again. Pathology features remained the same as the PDC.

Discussion
==========

Prostate cancer is the second most commonly diagnosed cancer worldwide, with a relatively high mortality rate. This disease mainly affects elderly men.[@b6-ott-6-1501] Prostate cancer is more prevalent in developed countries, such as the USA. Although the incidence and mortality rate of prostate cancer is lower in Asian countries, the incidence is on the rise.[@b7-ott-6-1501] The estimated incidence of prostate cancer in the People's Republic of China is 2.1%, with a mortality rate of 1.2%.[@b6-ott-6-1501]

The first incidence of ductal adenocarcinoma, a rare variant of prostate cancer that did not demonstrate the typical characteristics of prostate adenocarcinoma in the early stages, such as elevated PSA and palpation induration, was reported by Melicow and Patcher in 1967.[@b3-ott-6-1501] The atypical presentation of prostatic ductal adenocarcinoma meant the condition remained unnoticed and therefore untreated. Prostatic ductal adenocarcinoma was originally termed "endometrioid carcinoma" due to its histologic resemblance to the uterine endometrial carcinoma, and it is suspected that the tumor arises from the prostatic utricle, which is the male homologue of the female uterus. Recently, it was renamed to "ductal carcinoma with endometrioid features" and then to "prostatic ductal adenocarcinoma".[@b3-ott-6-1501] A diagnosis of ductal adenocarcinoma may be difficult, because, instead of showing typical clinopathological features of the acinar type of pro-static cancer, ductal adenocarcinoma closely resembles the uterine endometrioid carcinoma developed from the prostatic utricle and other primary or locally invasive tumors arising from the urothelial tract. In addition, the frequent coexistence of prostatic ductal and acinar adenocarcinoma makes diagnosis of ductal adenocarcinoma difficult. With advances in molecular diagnostic tools, it may become possible to differentiate prostatic ductal adenocarcinoma from other types of prostatic malignancy based on molecular biomarkers.

All patients assessed in our study were elderly males, five of whom presented with hematuria as the first clinical symptom. Three cases were confirmed to be the single histology type of prostatic ductal adenocarcinoma based on pathological analysis. The diagnosis of prostatic ductal adenocarcinoma relies mainly on pathological and immunohistochemical examination, which could be used to distinguish prostatic ductal adenocarcinoma from other types of prostate neoplasm, such as the classic adenocarcinoma of the prostate, high-grade prostatic intra-epithelial neoplasia, primary prostate transitional cell carcinoma, and metastatic adenocarcinoma.[@b8-ott-6-1501] Traditionally, fissure type glandular cavities and glands with bridge-like structures can be seen in prostatic ductal adenocarcinoma ([Figure 2](#f2-ott-6-1501){ref-type="fig"}). The tumor cells of prostatic ductal adenocarcinoma are high columnar, amphophil, and arranged in single or pseudostratified layers ([Figure 3](#f3-ott-6-1501){ref-type="fig"}). In addition, prostatic ductal adenocarcinoma shows positive immunostaining for PSA, PAP, and AR, while transitional cell carcinoma is negative. A combination of tumor markers, such as AMACR, PSA, and PAP, are used to identify tumors that are derived from the prostate epithelium, while a combination of 34βE12 and p63 (markers of basal cells of prostate) are helpful to identify tumors arising from basal cells. Researchers deemed that high-molecular-weight CK proteins (HMWCK, 34βE12, CK20) and p63 cocktails aid in the diagnosis of prostate basal cells.[@b4-ott-6-1501],[@b9-ott-6-1501],[@b10-ott-6-1501] In this study, 43% of patients (3/7) had pure type ductal adenocarcinoma, and the remaining patients (4/7) were associated with classic adenocarcinoma of small acinar structure. All patients in our study were confirmed positive for PAP, AMACR, and AR.

Low levels of PSA have been seen in prostate ductal adenocarcinoma derived from the prostatic ductal epithelial cells, while PSA level rises when the tumor begins to progress and invade the surrounding glandular tissue.[@b11-ott-6-1501] Therefore, the possibility of prostatic ductal adenocarcinoma should still be considered when patients present without prostate nodules or an elevated PSA. The PSA levels of four patients in our study were within the normal range before treatment, which indicates that these patients may be in early clinical stages of the disease.

Treatment modalities for prostatic ductal adenocarcinoma includes surgery (radical prostatectomy, TURP), endocrine therapy, and radiation therapy (brachytherapy and external radiation therapy), or combined treatments. It is noteworthy that the prostatic ductal adenocarcinoma is sensitive to endocrine therapy and radiotherapy, which have been used for patients with advanced prostatic ductal adenocarcinoma.[@b12-ott-6-1501] Eade et al[@b12-ott-6-1501] reported that the level of PSA declined when prostate cancer patients received radiotherapy, and all six cases of prostatic ductal adenocarcinoma showed no local tumor recurrence, along with a significantly prolonged survival time. Huang et al[@b13-ott-6-1501] reported that prostate ductal adenocarcinoma was sensitive to endocrine therapy, which was consistent with our study findings that endocrine therapy was effective in all three patients who received anti-androgen therapy.

There are conflicting results in the literature regarding the prognosis of prostatic ductal adenocarcinoma. Brinker et al[@b14-ott-6-1501] suggested that prostatic ductal adenocarcinoma was associated with a poorer prognosis than the acinar type of prostate cancer. Christensen et al[@b15-ott-6-1501] found a higher recurrence rate with prostate ductal adenocarcinoma than acinar carcinoma in patients receiving radical prostatectomy. However, Aydin et al[@b16-ott-6-1501] stated that prostatic ductal adenocarcinoma was less malignant, slower to progress, and carried a better prognosis than the typical acinar prostate cancer. Tu et al[@b17-ott-6-1501] reported that prognosis was comparable to other common types of prostate cancer in 25 cases of single histological type prostatic ductal adenocarcinoma, with an overall survival of 13.8 years. Some researchers believe that prognosis for prostatic ductal adenocarcinoma can be closely related to the clinical stage, tumor location, depth of invasion, and other prostate diseases.[@b16-ott-6-1501],[@b18-ott-6-1501],[@b19-ott-6-1501] Prognosis of patients receiving different treatments were all excellent in our study, probably due to the low clinical staging and early diagnosis and treatment. However, this conclusion needs to be further investigated in a large clinical trial.

In summary, our study suggests that diagnosis of ductal adenocarcinoma of the prostate can mainly be based on pathological and immunohistochemical examinations. Early detection of the disease and early treatment may lead to a better prognosis. TURP may be an effective treatment strategy that can be used in the treatment of both pure and mixed types of prostate ductal adenocarcinoma.
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![Prostatic ductal adenocarcinoma tumor cells showing a papillary histological pattern.\
**Note: A**, hematoxylin and eosin ×25; **B** hematoxylin and eosin ×50.](ott-6-1501Fig1){#f1-ott-6-1501}

![Prostatic ductal adenocarcinoma tumor made of back-to-back glands, which have a bridge-like structure within the glands. The glandular cavity was fissure type (see arrow). Hematoxylin and eosin ×50.](ott-6-1501Fig2){#f2-ott-6-1501}

![Prostatic ductal adenocarcinoma tumor cells are high columnar and amphophil, surrounded by abundant cytoplasm. Tumor cells are arranged in single or pseudostratified layers. Hematoxylin and eosin ×200.](ott-6-1501Fig3){#f3-ott-6-1501}

###### 

List of primary antibodies used in immunohistochemical staining

  Antibody   Dilution           Source
  ---------- ------------------ ----------
  PAP        1:200              Changdao
  PSA        1:50               Gene
  34βE12     1:50               Gene
  p63        Working solution   Changdao
  AMACR      Working solution   Maixin
  Ki67       1:50               Changdao
  p53        1:50               Gene
  AR         Working solution   Gene
  CK 5/6     Working solution   Gene

**Abbreviations:** AMACR, alpha-methylacyl coenzyme A (CoA)-reductase; AR, androgen receptor; CK, cytokeratin; PAP, prostatic acid phosphatase; PSA, prostate-specific antigen.

###### 

Clinical characteristics of patients with ductal adenocarcinoma of prostate

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Patient no   Age (years)   Symptoms                                   Before treatment PSA(ng/mL)                 Treatment                                                                            Follow-up time (months)   After treatment PSA(ng/mL)   Results
  ------------ ------------- ------------------------------------------ ------------------------------------------- ------------------------------------------------------------------------------------ ------------------------- ---------------------------- -------------------------------
  1            57            Physical examination found increased PSA   9.2                                         Puncture: radical prostatectomy                                                      67                        0.03                         No recurrence or metastasis

  2            78            Painless gross hematuria                   2.51                                        Cystoscopy biopsy: double testosterone resection and androgen-deprivation therapy    45                        3.78                         No recurrence or metastases

  3            79            Painless gross hematuria                   3.15                                        Cystoscopy biopsy: double testosterone resection and androgen-deprivation therapy    36                        1.12                         No recurrence or metastases

  4            88            Progressive dysuria                        45.0\                                       Puncture: drug castration (Zoladex® + Casodex®)                                      30                        2.34                         Died of myocardial infarction
                                                                        Bone metastases appeared before operation                                                                                                                                               

  5            77            Painless gross hematuria                   1.3                                         Transurethral resection of the prostate                                              25                        0.57                         No recurrence or metastases

  6            81            Painless gross hematuria                   23.6\                                       Transurethral resection of the prostate and Androgen deprivation therapy             22                        0.05                         No recurrence or metastases
                                                                        Bone metastasis appeared before operation                                                                                                                                               

  7            73            Painless gross hematuria                   3.36                                        Transurethral resection of the prostate; clinical relapses at 1 year after surgery   15                        0.1 1                        No metastases
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:** Zoladex® and Casodex® manufactured by Astra Zeneca, Ltd., London, UK.

**Abbreviation:** PSA, prostate-specific antigen.
